YBaCuFeO 5 is one of the interesting multiferroic compounds, which exhibits magnetic ordering and dielectric anomaly above 200 K. Partial substitution of Fe with other magnetic and non-magnetic ion affects the magnetic and the structural properties of the system. We report detailed investigation of structural, magnetic and dielectric properties of YBaCuFe 0.85 M 0.15 O 5 (M=Co, Ni and Ga). We observed that the partial replacement of Ni and Co in place of Fe, results in magnetic dilution and broadening of the magnetic transition and shifting towards lower temperature. The replacement of Fe with non-magnetic Ga also results in shifting of the magnetic transition to the lower temperature side. The observed dielectric relaxation behavior in these compounds is due to the charge carrier hoping. This study highlights the impacts of magnetic and non-magnetic doping at the magnetic site on magnetic and dielectric properties in layered perovskite compound YBaCuFeO 5 .
Introduction
The coexistence of magnetic and ferroelectric ordering in the same crystallographic phase makes the multiferroic materials quite interesting [1] [2] [3] . These materials are classified in two categories: Type-I, and Type-II. In type-I multiferroics, the magnetic and dielectric transitions are far away and independent of each other. Therefore, the possibility of coupling between magnetic and electric order parameters is very weak. On the other hand, in type II materials, the dielectric ordering follows the magnetic ordering and there is a possibility of strong coupling between these two orders parameters [1] . Further, the electric polarization can be induced in these materials by magnetic field or vice versa and this phenomenon is known as magnetoelectric coupling [2, 3] . In recent year the compounds belonging to LnBaM'M"O 5 family (where Ln is the rare-earth ions, and M', M" are the transition metal ions) have been widely studied. In such compounds, two layers of M'O 5 and M"O 5 are present and it is possible to combine different types of metal element in an ordered or disordered network. Also depending upon the size of rare-earth ions, these compounds of the effective ways to introduce disorder in YBaCuFeO 5 is through partial replacement of Fe by other transition metal ions. Doping the Fe-site will introduce random impurities, which will directly affect the interactions arising out of FeO 5 /CuO 5 bipyramids and hence might cause an alteration in the physical properties of YBaCuFeO 5 .
In this article we present a detailed study of structural, magnetic and dielectric properties of YBaCuFe 0.85 M 0.15 O 5 (where M=Co, Ni and Ga). We substituted Fe by both magnetic and nonmagnetic ions because the latter (Ga) might leads to the structural deformation only whereas the former (Co, Ni) will result in the change in magnetic properties along with structural deformation.
As compared with Fe, Ga has higher ionic radii whereas Co and Ni have the comparably smaller ionic radii, in its +3 oxidation state. Here we would like to mention that the maximum solubility of M in YBaCuFeO 5 is about 15% of Fe, as revealed by our investigations. The partial replacement of Fe by Co and Ni leads to broadening in magnetic transition temperature. Doping with non-magnetic ion Ga leads to the expansion in the unit cell and influences the magnetic ordering. The dielectric relaxation has also been observed in these compounds. However, the interactions between the electric dipoles are not strong enough for collective freezing of the electric dipoles. As compared to the parent compound, the change in magnetodielectric coupling is found to be insignificant in the doped compounds. [9, 14] . Power x-ray diffraction is performed using Regaku smart lab diffractometer using monochromatized CuKα 1 radiation at room temperature. DC magnetization measurements are carried out in a magnetic property measurement system (Quantum Design USA).
Experimental details
Hioki LCR meter is used for temperature dependence of dielectric constant measurements integrated with physical property measurement system (Quantum, Design USA) with a setup from Cryonano Labs. For electric measurements, silver paint contacts are made to the polycrystalline pellets with typical electrode area A = 15 mm 2 and thickness d= 0.506 mm.
Results and Discussion

Structural properties
Rietveld refined x-ray diffraction patterns of all the studied compounds are shown in figure   1 and calculated parameters are tabulated in table 1. These compounds crystallize in the tetragonal structure (space group: P4mm). All the peaks fit well with the theoretical curve and no impurity peak is observed which indicates that all the compounds are formed in crystallographic single phase. The structure of these compounds is similar to that reported in literature [9, 15, 16] . The partial replacement of Fe with Co, Ni and Ga results in small changes in the structural parameters of the unit cell in comparison to YBaCuFeO 5 due to variation in the ionic radii. The distance between the pyramids in Co_0.15 and Ni_0.15 compounds is smaller as compared to the YBaCuFeO 5 whereas in Ga_0.15 it increases. 
Magnetic properties
The figure 2 (a-c) shows the temperature dependence of the DC magnetic susceptibility of For Co_0.15 compound, a significant bifurcation between the ZFC and FC curves is noted below 100 K. Also as the temperature is decreased a weak kink is noted in the ZFC curve. Here, it is to be noted that no kink (at low temperatures) or significant bifurcation between ZFC and FC curves is observed in YBaCuFeO 5 [9] . For Ni_0.15 compound the bifurcation starts from 200 K and it becomes more prominent at lower temperature. A sharp peak at ~12.5 K is observed in the ZFC curve. In contrast, for Ga_0.15 compounds, no significant bifurcation between ZFC and FC curves is observed; however, a weak signature of a peak is present at ~11.5 K. Insets of figure 2(d-f) [11] . At low temperature, a kink/peak is observed in all the three compounds. This peak/kink observed at low temperature and low field is suppressed under higher applied field (shown in figure   2 (d-f) ). Huge bifurcation between the ZFC and FC curve is noted below this kink/peak. This effect is more pronounced in Co, and Ni compounds. This bifurcation is more pronounced in the compounds with volume lower than the unit cell volume of YBaCuFeO 5 [11] . As stated before, Co and Ni substitution leads the decrease in lattice parameter c, thereby resulting in an increase of interaction between the magnetic ions. As the temperature is reduced, the crystal structures contracts and the magnetic interaction further changes, resulting in a possible change of magnetic anisotropy, which may contribute to the observation of these features. The suppression of these features with increasing the magnetic field also gives an indication that the origin of these characteristics is due to the weakening of the magnetic structure of the system. This feature in the ZFC and FC is less prominent in Ga_0.15 due to larger volume of the unit cell as compared to YBaCuFeO 5 due to the lattice expansion. However, to resolve this new low temperature anomaly, temperature dependent neutron diffraction is warranted.
Dielectric analysis
The temperature variation of real () and imaginary part () of dielectric constant () measured at selected frequencies for the series YBaCuFe 0.85 M 0.15 O 5 (M= Co, Ni, Ga) in the temperature range of 10 to 300 K (shown in figure 3 ). The temperature variation of  for Co_0.15, Ni_0.15 and Ga_0.15
shows the sharp increase near 56, 105 and 62 K respectively at 10 kHz followed by a plateau in the high temperature region. It is noted that value of  also increases in this temperature range.
Interestingly, for this series, a frequency dependent behavior of  and  is observed. To analyze this feature, temperature derivative of  is plotted as function of temperature. The curve shows a peak (not shown), the temperature of which increases with the increase in frequency. In compounds where electric dipoles exhibits glassy dynamics such shift in the peak temperature are observed.
This variation of peak temperature can be analyzed by Arrhenius, Vogel Fulcher and/or power law [20] . We tried to fit the data with the above-mentioned laws. In our case the best fit is obtained with the Arrhenius law [21] [24] where the relaxation mechanism is ascribed to the thermal motion of oxygen vacancies. However, [28] where the relaxation behavior is due to the charge carrier hoping. The values of the activation energy of the studied compounds are comparable to the values observed for the charge carrier hoping. The relaxation in electric dipoles is due to the charge carrier hoping among the transition metal ion. However, the interaction between the electric dipoles is not strong enough for collective freezing of the electric dipoles. The partial replacement of Ba with Sr leads the dipolar glass behavior at low temperature [9] . However, this low temperature behavior is absent in Co, Ni and Ga doped compounds. This may be due to the effect of the transition metal ion, which may leads to the change in the interaction and affecting the collective freezing of electric dipoles.
Magneto-dielectric properties
YBaCuFeO 5 shows the magneto-dielectric coupling at different temperatures [8, 9] . To see the effect of MDE coupling due to these substitutions, the magnetic field response of the dielectric 
Summary
In summary, we have investigated the structural, magnetic dielectric and magneto-dielectric is noted that the change in magnetodielectric coupling is insignificant in these doped compounds when compared with YBaCuFeO 5 .
